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Structure and reactivity of rhodium(l1) complexes
F l o r i a n P. P r u c h n i k I n s t i t u t e o f C h e m i s t r y , U n i v e r s i t y o f W r o c l a w , 1 4 J o l i o t C u r i e S t r e e t , 50-383 W r o c t a w , P o l a n d
A b s t r a c t -Complexes c o n t a i n i n g t h e R h 2 4 + c o r e a r e e x t e n s i v el y i n v e s t i g a t e d b o t h f r o m t h e t h e o r e t i c a l a n d p r a c t i c a l p o i n t s o f v i e w . P r o p e r t i e s q + r e a c t h y i t y and 5 i e c t r o n i c s t r u c t u r e o f c o m p l e x e s w i t h Rh
, Rh2 a n d Rh2 : [Rh2X ( 0 0 C R ) 2 ( N -N ) 2 ] n a n d [Rh2(00CR)4] c o n f i r m e d t h e r e a s o n a b l e s t a b i l i t y o f CRh2(00CR)41 compounds. The e f f e c t o f a x i a l and e q u a t o r i a l I i g a n d s o n e l e c t r o n i c s t r u c t u r e o f c o m p l e x e s a n d on s
t a b i l i t y o f t h e Rh-Rh b o n d was i n v e s t i g a t e d . A s s i g n m e n t o f t h e p ( R h -R h ) s t r e t c h i n g f r e q u e nc y i s d i s c u s s e d on t h e g r o u n d o f t h e n o r m a l c o o r d i n a t e a n a l ys i s and p o t e n t i a l e n e r g y d i s t r i b u t i o n c a l c u l a t i o n s . The r e d o x r e a c t i o n s o f c o m p l e x e s u n d e r s t u d y w e r e e x a m i n e d . T h e i r c a t al y t i c p r o p e r t i e s i n r e d u c t i o n r e a c t i o n s o f o l e f i n s a n d k e t on e s w e r e i n v e s t i g a t e d . The m e c h a n i s m o f f o r m a t i o n o f c a t a l yt i c a l l y a c t i v e c o m p l e x e s i s d i s c u s s e d .

INTRODUCTION
The c h e m i s t r y o f r h o d i u m i s among t h e m o s t d i v e r s e o f a l l t h e t r a n s i t i o n met a l s a n d i s b e i n g v i g o r o u s l y i n v e s t i g a t e d a t t h e p r e s e n t t i m e . The m o s t common o x i d a t i o n s t a t e s o f r h o d i u m a r e +I a n d + 3 . The m o n o m e r i c r h o d i u m ( l 1 ) compounds a r e u n s t a b l e , c o n t r a r y t o t h e d i m e r i c r h o d i u m c o m p l e x e s c o n t a i n i n g t h e r h o d i u m -r h o d i u m b o n d . Among t h e m t h e m o s t c a r b o x y l a t e s and t h e i r a n a l o g s . The s t u d i e s o f t h e s e compounds l e d t o t h e c r ea t i o n o f c h e m i s t r y o f t h e new o x i d a t i o n s t a t e s o f t h e o t h e r p l a t i n u m m e t a l s , t h a t i s , R u ( I ) , Os(I), P t ( l I I ) . The d e v e l o p m e n t o f c h e m i s t r y o f t h e r h o di u m ( I I ) d i m e r s o b s e r v e d r e c e n t l y , i s due t o t h e i n t e r e s t i n t h e t h e o r y o f t h e e l e c t r o n i c s t r u c t u r e o f c l u s t e r s w i t h t h e s i n g l e m e t a l -m e t a l b o n d , t h e i r s p e ct r o s c o p i c p r o p e r t i e s a n d r e a c t i v i t y as w e l l as t h e i r p o s s i b l e p r a c t i c a l a p p l ic a t i o n s ( r e f . 1 -3 ) . B i n u c l e a r r h o d i u m ( l 1 ) c o m p l e x e s a r e e f f e c t i v e c a t a l y s t s i n r e d u c t i o n o f o l e f i n s and k e t o n e s a n d i n o x i d a t i o n o f a l k e n e s and a l k y l -a r om a t i c h y d r o c a r b o n s ; t h e y a l s o c a t a l y z e t h e r e a c t i o n s o f t h e d i a z o compounds w i t h RXH (X=O,S,NH) a n d w i t h o l e f i n s t o p r o d u c e c y c l o p r o p a n e d e r i v a t i v e s . They a r e t h e c a t a l y s t s o f s i l y l a t i o n , o f t h e p h o t o c a t a l y t i c d e c o m p o s i t i o n o f w a t e r , e t c . The r h o d i u m ( l 1 ) c a r b o x y l a t e s R h 2 ( 0 0 C R l 4 a r e a l s o t h e m o s t p r o m is i n g a n t i t u m o r compounds.
The m a j o r i t y o f t h e r h o d i u m ( l 1 ) c o m p l e x e s c o n t a i n s b r i d g e I i g a n d s , m o s t f r eq u e n t l y t h e c a r b o x y l a t e I i g a n d s [Rh2(l-OOCR) L ] where L i s t h e L e w i s b a s e . The compounds c o n t a i n i n g e i t h e r ( P Y )~] C F S O~, ( r e f . 4 ) , CRh X,(OOCR) (~h e l )~] ( X = C I , B r , I , ; R = H,6le, CH?OH)-C6H5; c h e l = 2 , 2 -b i p y r i d i n e ? b p y ) , l , ? O -p h e n a n t h r o l i n e ( p h e n ) and i t s d e r i v at i v e s ) ( r e f . 5 -9 ) , o r + n o t c o n t a i n i n g b r i d g e I i g a n d s , e . g . : CRh2(dmg)41 ( r e f . I -3 ) , CRh L l 4 ( r e f . 4 , 1 1 ) a r e a l s o known. The Rh-Rh b o n d l e n g t h depends u p o n t h e $u%er a n d p r o p e r t i e s o f t h e b r i d g e I i g a n d s . F o r c o m p l e x e s w i t h 4 b r i d g e I i g a n d s t h e v a l u e o f b o n d l e n g t h l i e s i n t h e l i m i t s f r o m 2 3 5 . 9 pm f o r Rh ( m h p ) 4 (mhp = 2-oxy-6-methylpyridinate) ( H 0)2]. ?n t h e c o m p l e x e s w i t h two RCOO b r i d g e s t h e Rh-Rh d i s t a n c e ? s 2 5 5 $ 262 pm ( r e f . 9 , 1 2 , 1 3 ) ; f o r R h 2 ( C 2 2 H 2 2 N 4 ) 2 * 3C6H6 t o 2 9 3 . 6 pm f o r [ R h 2 ( d m g ) 4 ( P P h 3 ) 2 J * C 3 H 7 0 H * H20.
The Rh-Rh b o n d i n a l l r h o d i u m ( l 1 ) d i m e r s i s now assumed t o be s i n g l e , a lt h o u g h t h e d i s t a n c e b e t w e e n t h e r h o d i u m atoms was f o u n d t o v a r y w i t h i n v e r y b r o a d l i m i t s . T h i s was c o n f i r m e d b y t h e e x t e n d e d HGckel ( r e f . 1 4 ) , SCs-Xf-Sb) ( r e f . 1 5 ) and ab i n i t i o ( r e f . 1 6 , 1 7 ) c a l c u l a t i o n s , w h i c h g a v e t h e 6 J'i b i m p o r t a n t a r e t h e R h 2 ( 0 0 C R ) 4 l o w e r n u m b e r 4 0 f & r i d g e s , e . g . :
i n t h e b r i d g e -f r e e compounds i t changes f r o m 262.5 pm &*2E*4,62a462n*44*2 a n d 3462JT'*44*2g2 e l e c t r o n i c c o n f i g u r a t i o n s . The r e s u l t s i n d i c a t e t h a t t h e e l e c t r o n i c s t r u c t u r e depends on t h e n a t u r e o f n o t o n l y a x i a l , b u t a l s o o f o t h e r I i g a n d s . Somewhat d o u b t f u l i s a l s o t h e a s s i g nment, o f t h e g ( R h 2 ) s t r e t c h i n g y j b r a t i o n , w h i c h was e s t i m a t e d t o b e a b o u t 300 cm ( r e f . 1 8 ) o r as 1 5 0 -1 8 0 cm ( r e f . 1 9 , 2 0 ) .
THE STRUCTURE OF Rh*X2(00CR)2(N-N)* COMPLEXES
I n o r d e r t o g a i n some a d d i t i o n a l i n f o r m a t i o n a b o u t t h e p r o p e r t i e s , s t r u c t u r e a n d r e a c t i v i t y o f t h e R h ( I I ) c o m p l e x e s , we h a v e s t u d i e d t h e R h 2 X 2 ( 0 0 C R ) 2 ( N -N ) 2 d i m e r s (1 : X = C I , R=H, N-N=bpy; 2: C I , H , phen; 3 : B r , H, p h e n ; 4 : C I , M e , p h e n ; R=EH(OH)Pk) f r e 8 . 5 -7 6 ) .The e x c h a n g e o f b o t h a x i a l a n d e q u a t o r i a l o n e s , a l l o w s t h e e l u c id a t i o n o f t h e r e l a t i o n b e t w e e n t h e p r o p e r t i e s o f c o m p l e x e s a n d t h e n a t u r e o f I i g a n d s a 
6*
i s t h e same as t h a t o b t a i n e d b y t h e e x t e n d e d HGckel ( r e f . 1 4 ) and ab i n i t i o SCF/CI ( r e f . 1 7 ) m e t h o d s . The o b t a i n e d e n e r g y v a l u e s o f 6' a n d P* o r b i t a l s a r e o n l y s l i g h t l y d i f f e r e n t , l i k e i n t h e c a s e o f t h e o t h e r m e t h o d s ( r e f . 1 4 , 1 5 , 1 7 1 . The 1 , 4 -d i a z a -1 , 3 -b u t a d i e n e m o l e c u l e , l i k e t h e 2 , 2 ' -b i p y r i d i n e o n e , c o nt a i n s t h e c o n j u g a t e d s y s t e m o f d o u b l e bonds N=C-C=N, and t h u s t h e r e s u l t s o f c a l c u l a t i o n s f o r c o m p l e x e s w i t h HN=CH-CH=NH a n d 2 , 2 -b i p y r i d i n e s h o u l d be s im i l a r . S u b s t i t u t i o n o f two f o r m a t o I i g a n d s b y two HN=CH-CH=NH m o l e c u l e s r emoves t h e d e g e n e r a c y o f 4 F ( R h -R h ) and S?*(Rh-Rh) o r b i t a l s . B e t w e e n t h e A* a n d 
f * o r b i t a l s o f t h e Rh2 c o r e t h e r e a r e t h e e m p t y f l * o r b i t a l s o f t h e d i ene I i g a n d , w i t h c o n s i d e r a b l e c o n t r i b u t i o n o
I t a t i o n i s due m a i n l y t o t h e i n t e r a c t i o n b e t w e e n t h e Rh2
c o r e o r b i t a l s and HN=CH-CH=NH o r b i t a l s as w e l l as w i t h t h e a x i a l I i g a n d o r b i t a l s ( C I , B r , I ) . T h i s i s r e s p o n s i b l e f o r t h e l o w e r i n g o f e n e r g y o f 6 , 3 7 a n d X * o r b i t a l s , b u t , s i n c e t h e g r e a t e r c o n t r i b u t i o n o f I i g a n d o r b i t a l s i t changes t h e c h a r a c t e r o f Rh-Rh b o n d , a n d , f i n a l l y , l e a d s t o t h e w e a k e n i n g o f t h e b o n d b e t w e e n c e n t r a l a t o m s . The c o n t r i b u t i o n o f 6+(Rh-Rh) (17bl) o
r b i t a l t o t h e b ( R h -X ) ( 1 2 b l ) o r b it a l grows i n t h e o r d e r C l c B r C l . T h i s i s c o n s i s t e n t w i t h t h e e l e c t r o n e g a t iv i t y d e c r e a s e o f h a l o g e n s i n t h e same d i r e c t i o n . I t means, t h a t w e a k e s t becomes t h e 6(Rh-C1) bond, u n d e r t h e e f f e c t o f t h e t r a n s d ( R h -R h ) b o n d . A s t h e r e s u l t o f i n t e r a c t i o n w i t Q + t h e empty .Ji*(CN) o r b i t a l s , t h e X ( 1 4 a l ) a n d Z * (13bl) o r b i t a l s o f t h e Rh2 c o r e , d e r i v i n g f r o m J ' ( 6 e ) and Z * ( 5 e ) o r b it a l s o f t h e [ R h 2 ( 0 0 C H ) 4 ( H 2 0 ) 2 ] c o m p l e x , r e s p e c t i v e l y , a r g s t a b i I ized! T h i s s t a b i l i z a t i o n i s a d d i t i o n a l l y i n c r e a s e d b y i n t e r a c t i o n w i t h p o r b i t a l s o f t h e ha1 i d e I i g a n d s . I n t h e c a t i o n i c [Rh2(00CH) (HN=CH-CH=NH
( L = H20, NH3, PH , A s H 3 ) , t h e d e g e n e r a c y o f t 2 e 5i a n d Z* o f 2 R 2 2 4 + c o r e i s a l s o removed a n d ?he e l e c t
r o n d e n s i t y i s s h i f t e d t o w a r d s t h e HN=CH-CH=NH l i z + g a n d s ; i n t h i s c a s e , however t h e m i x i n g o f t h e I i g a n d s o r b i t a l s w i t h t h e Rh2 c o r e o r b i t a l s i s s m a l l e r . The m u t u a l i n t e r a c t i o n o f t h e a x i a l I i g a n d s w i t h r h od i u m o r b i t a l s i s u n u s u a l l y e f f e c t i v e i n t h e c a s e o f PH3 a n d AsH3 ( F i g . 2 ) . F o r
i s e s p e c i a l l y s t r o n g i n t h e c a s e o f 6 , T , 6 * a n d J 7 * 4 9 r b i t a l s . Such a s i t u - c o m p l e x e s w i t 5 y20 a g d b) H t 9 e s q u e n c e o f t h e m o l e c u l a r o r b i t a l s i s t h e f o ll o w i n g flI2T2 6 XI* 6 it2* 6*' c * NC) Z 2 * ( N C ) d*. B 
t h e o r d e r H O < N H 3 < P H 3 < A s H 3 , , t h e m i x i n g o f t h e o r b i t a l s o f a x i a l e n e w i t h d 2 o r b i t a l s i s g r e a t e r . T h i s 4 J e a d s b e c a u s e o f c o n s i d e r a b l e d e s t a b i l i -
z a t i o n o f f h e 6 a n d d* o r b i t a l s o f R f o r c o m p l e x e s w i t h PH3 a n d A S H :JEl %:2x * 6 5 6 se c a l c u l a t i o n s s u p p l y t h e e x p g a n a t i o n 07 t h e g r e a t e r ' k h -R h b o n g l e n g t h i n comp l e x e s w i t h p h o s p h i n e s a n d a r s i n e s a s a x i a l I i g a n d s , a s c o m p a r e d w i t h c o m p l e x e s c o n i g i n i n g t h e o x y g e n a n d n i t r o g e n a x i a l I i g a n d s . 
t a t i o n s , i t s e n e r g y e x c e e d s t h a t o f t h e t r a n s i t i o n i n R h 2 ( 0 0 C R ) 4 s i n c e t h e r * ( R h 2 ) o r b i t a l s a r e s t a b i l i z e d b e c q u s e o f i n t e r a c t i o n w i t h o b s e r v e d , w h i c h c o u l d b e a s s i g n e d t o t h e 6 ( R h 2 ) -f C * ( N = C ) t r a n s i t i o n , t h a t i s t o t h e MLCT t r a n s i t i o n , i . e . t o t h e e l e c t r o n t r a n s f e r f r o m r h o d i u m t o t h e e m p t y X *
o r b i t a l s o f t h e n i t r o g e n I i g a n d s ( b p y o r p h e n ) . A g a i n , a s i n [Rh (OOCR) X c o m p l e x e s ( r e f . 1 9 ) , t h e I i g a q d t o m e t a l c h a r g e t r a n s f e r b a n d s 6 f R h -X ) -$ * f R h 2 ) a t 3 7 0 0 0 , 3 2 0 0 0 a n d * ( N C ) U * . T h es u g g e s t , t h a t t h e s e c o m p o u n d s 4 s h~u l~ b e r a t h e r 2 s ? a b l e , a l t h o u g h t h e y r e u c t ' o n q r o p e r t j e s . 2 E l e 5 t r o n c o f i g u 2 a t i g n s h e r e i t r e !'.T*' b*' 6* a n d 6 s1 -?T2
5' n2* 6 * 7rl*(NC) ( T a b l e 2 ) . L i k e i n t h e c a s e o f t h e -f i e tt h e s p e c t r a o f Rh X ( O O C R ) 2 ( N -N ) a weak b a n d ( E -2 0 0 -4 0 0 ) a s s i g n e d t o t h e 2 2 fl ( R h 2 ) -6 * ( R h 2 0 ) t r a n s i t i o n ( r e f . 1 9 ) ; o r b i t a l s o f t h e n i t r o g e n I i g a n d s . A t a b o u t 2 2 0 0 0 cm a n i n t e n s i v e b a n d i s
TABLE 2 . E l e c t r o n i c s p e c t r a o f [ R h 2 X 2 ( 0 0 C R ) 2 ( N -N ) 2 1 c o m p l e x e s .
Comp I e x So I v e n t B a n d s pm-' ( k * 1 0 -2 , M -l c m -' ) 2, H 2 0 1 . 7 7 5 ( 2 . 3 0 ) , 2 . 5 0 ( 2 6 ) , 2 . 7 8 ( 4 0 ) , 3 . 7 4 ( 3 6 7 ) , 4 . 0 3 ( 3 9 7 ) , 4 . 4 8 ( 4 2 8 )
7 , H 0 1 . 7 6 ( 2 . 6 0 ) , 2 . 4 5 ( 2 7 . 5 ) , 2 . 7 6 ( 4 5 ) , 3 . 7 1 ( 3 5 0 ) , 3 . 9 7 ( 4 6 6 ) , 4 . 4 4 ( 4 6 6 ) --15, E?OH 1 . 8 0 ( 4 . 0 0 ) , 2 . 3 0 ( 3 0 ) , 2 . 6 5 ( 5 3 ) , 3 . 2 3 ( 2 3 0 ) , 3 . 6 6 ( 3 9 4 ) --11, MeOH 1 . 8 0 ( 3 . 3 0 ) , 2 . 3 3 ( 3 3 ) , 2 . 6 0 ( 5 5 ) , 3 . 0 3 ( 1 6 6 ) , 3 . 2 4 ( 2 1 9 ) , 3 . 6 6 ( 3 2 0 ) --1 2 , MeOH 1 . 8 3 ( 7 . 5 0 ) , 2 . 2 1 ( 6 7 ) , 2 . 5 0 ( 1 4 4 ) , 2 . 7 9 ( 1 3 4 ) , 3 . 2 5 ( 1 2 6 ) , 3 . 5 8 ( 2 . 3 0 ) --1 3 , E t O H 1 . 8 0 ( 3 . 7 0 ) , 2 . 3 0 ( 3 2 ) , 2 . 6 3 ( 5 4 ) , 3 . 2 9 ( 1 8 8 ) , 3 . 5 5 ( 2 7 5 ) , 3 . 6 8 ( 3 1 9 ) ,
--1 4 , MeOH 1 . 8 0 ( 2 . 0 0 ) , 2 . 3 1 ( 2 5 ) , 2 . 6 2 ( 4 2 ) , 3 . 1 5 ( 1 1 7 ) , 3 . 7 9 ( 1 9 2 ) , 3 . 8 9 ( 2 6 5 )
--1 5 , MeOH 1 . 8 1 ( 4 . 2 0 ) , 2 . 2 2 ( 5 0 ) , 2 . 5 5 ( 9 2 ) , 2 . 8 0 ( 9 7 ) , 3 . 3 1 ( 1 0 2 ) , 3 . 8 8 ( 2 7 8 ) 3 . 7 9 ( 2 0 7 ) , 3 . 8 6 ( 1 9 8 ) 3 . 8 6 ( 3 9 6 ) . , b e c a u s e o w i n g t o t h e s t r o n g T r a n s -i n f l u e n c e o f t h e 
REACTIVITY
I n t h e c a s e o f t h e R h ( I I ) f o r m a t e and m a n d a l a t e t h e i r r a d i a t i o n i s f o l l o w e d n o t o n l y b y t h e r e d u c t i o n o f c o m p l e x e s t o [ R h 2 ( 0 0 C R ) 4 1 b u t a l s o t h e i r d i s s oc i a t i o n , w i t h f o r m a t i o n o f R h ( I I ) monomers, b e c a u s e o f t h e b r e a k o f t h e Rh-
) . The f o r m e d R h ( l l ) -R h ( l ) c o m p l e x m o s t l i k e l y r e a c t s i m e d i a t e l y w i t h t h e s o l v e n t . E l e c t r o r e d u c t i o n g i v e s two r e d u c t i o n p e a k s , w h i l e i t does n o t show t h e c o u p l e d o x i d a t i o n p e a k s on t h e b a c k w a r d sweep. I f t h e c a t h o d i c sweep d i r e c t i o n i s r e v e r s e d a t any p o i n t b e y o n d t h e f i r s t r e d u c t i o n p e a k , t h e c u r r e n t r e t u r n s t h r o u g h t h e c a t h o d i c ( o r i n v e r t e d ) p e a k a t a p p r o x i m a t e l y t h e same p o t e n t i a l as t h e f o rw a r d p e a k . A r e a s o n a b l e e x p l a n a t i o n f o r t h e i n v e r t e d c u r r e n t o f t h e r e v e r s e c y c l i c sweep i s t h a t t h e a d s o r b e d 13 c o m p l e x i s e i t h e r d e s o r b e d o r r e o r i e n t e d a t p o t e n t i a l s b e y o n d t h e r e d u c t i o n p e a k , a n d t h e n r e a d s o r b e d a n d r e d u c e d when t h e p o t e n t i a l i s made m o r e p o s i t i v e a g a i n . The i n v e r t e d peak may a l s o b e a tt r i b u t e d t o amalgam f o r m a t i o n o f t h e r e d u c e d c o m p l e x w i t h t h e m e r c u r y d r o p e l e c t r o d e . The compound R h ( l l ) R h ( l ) i s much m o r e s t a b l e i n t h e a p r o t i c s o lv e n t , DMF. The c y c l i c v o l t a m e t r y s t u d i e s r e v e a l e d i t s q u a s i -r e v e r s i b l e r e d u c t i o n on t h e m e r c u r y d r o p e l e c t r o d e t o 18 , t h e h a l f -w a v e p o t e n t i a l i s -1 . 9 5 V vs .SCE ( r e f . 3 1 ) . Q u a s i -r e v e r s i b l e r e d u c t i o n p o i n t s o u t t o t h e p r o b a b l e c o n s i d e r a b l e s t r u c t u r e c h a n g e s -o f t h e 18 c o m p l e x . The m a g n e t i c moment o f e l e c t r o c h e m i c a l l y g e n e r a t e d 18 c o m p l e x , d e t e r m i n e d b y t h e Evans m e t h o d , i
due t o t h e d i f f e r e n t c o m p l e x s t r u c t u r e . I n t h e 18 compound o b t a i n e d a t 77 K t h e e l e c t r o n i s l o c a l i z e d o n b o t h r h o d i u m a t o m s . I t was s u g g e s t e d t h a t a n n e a l i n g o f 11 a t h i g h e r t e m p e r a t u r e s ( 1 3 0 K ) c a u s e ds p l i t t i n g o f a c e t a t o b r i d g e s a n d f o r m a t i o n o f [MeCOORh(p-OOCMe)Rh(OOCMe) 1 c o m p l e x w i t h g x = 2.32 a n d g = 2.25 ( r e f . 2 7 ) . I n t h e DMF s o l u t i o n t h e &-c o m p l e x i s m o r e s t a b l e , b u t Y t s s t r u c t u r e i s m o s t l i k e l y s i m i l a r t o t h a t p r op o s e d f o r an a c e t a t e , i . e . w i t h one o r two m a n d a l a t o b r i d g e s a n d w i t h an e l e c t r o n l o c a l i z e d m a i n l y o n one o f t h e r h o d i u m a$oms. The 18 c o m p l e x i n DMF s o l u t i o n i s r e v e r s i b l y o x i d a t e d a t SMDE t o t h e 18 cornp x TE1(2 = 0 . 1 7 5 V vs SCE). R e d u c t i o n o f 1, 2 a n d 10 b y r a d i o l y s i s u s i n g " C o fa y s i n CD30D a n d DCON(CD3)2 s o l u t i o n s a t 7 7 K -l e a d s t o t h e f o r m a t i o n o f a x i a l l y s y m e t r i c a n i o -
n i c c o m p l e x e s 1 , 2 a n d 20 w i t h gL v a l u e s 2 . 2 0 0 , 2.200 a n d 2 . 1 8 5 , r e s p e c -
t i v e l y . I n t h e s e c o m p l e x e s t h e e l e c t r o n i s l o c a t e d p r i m a r i l y i n a c o m b i n a t i o n o f d o r b i t a l s . T h i s was c o n f i r m e d b y t h e p r e s e n c e o f a p o o r l y d e f i n e d t r i p -
l e t ?n 10 i n DMF a f t e r a n n e a l i n g t o c a . 100 K ( A v a l u e i s c a . 0.4 
m T ) . H e a ti n g o f samples i n t h e r a n g e 77 -140 K y i e l d s t h e new compounds w i t h g
, v a l ues 2 . 2 4 4 , 2.244 a n d 2 . 2 3 0 , r e s p e c t i v e l y . They a r e , m o s t l i k e l y , d i n u c l e a r c o m p l e x e s w i t h n o n e q u i v a l e n t r h o d i u m a t o m s . I n t h e c a s e o f 1 t h e i n t e n s i t y r a t i o o f s i g n a l s w i t h gL = 2 . 2 0 0 a n d gL = 2 . 2 4 4 d e c l i n e s l i n e a r l y i n t h e tempe r a t u r e r a n g e 77 -130 K. The 
c o n t e n t o f t h e c o m p l e x w i t h t h e e l e c t r o n l o c a t e d o n -b o t h -r h o d j u m atoms d e c r e a s e d t o z e r o a t 140 K .
The ESR s p e c t r a o f 1 , 2. , --10 , 16 , 18 ( r e f . 2 6 ) and 11 ( r e f . 2 7 ) o n l y s l i g h t l y depend on t h e n a t u r e o f t h e s o l v e n t . The g v a l u e s f o r t h e s e c o m p l e x e s i n CD OD, DCON(CD3)2 a r e t h e same. ( R h -R h ) a n d ( R h -X ) m o 8 e i $ f ? h e l i n e a r X-Rh-Rh-X s k e l e t o n . I n T a b l e 3 t h e v a r i a t i o n s o f t h e PED a n d f r e q u e n c i e s a s a f u n c t i o n o f K v a l u e s f o r s e l e c t e d s y m n e t r y c o o r d i n a t e s a r e g i v e n . T h e s e d a t a r e v e a l e d t R $ F h t h e a n d ( A 1 ) f r e q u e n c i e s a r e t h e r e s u l t o f t h e ( R l j -R h ) a n d ( R h -C I ) i n t e r a c t i o n . F o r h h e s t r o n g Rh-Rh b o n d s (KRh-Rh=1.85mdyne A t h e c o n t r i b ut i o n o f t h e Rh-Rh s t r e t c h i i l g r e a t e r , w h i l e i n t h e c a s e o f t h e KRh-Rh v a l u e s l o w e r t h a n c a . 1 . 1 5 m d y n e A t h e c o n t r i b u t i o n o f R h -C I s t r e t c h i s p r e q o m i n a n t The c a l c u l a t e d a n d v a l u e s c h a n g e w i t h i n t h e l i m i t s 293 -2 3 0 cm .
T h i s i s c o n s i s t e n t w i t h r e l a t i v e l y l o w s e n s i t i v i q y o f h a l f -w a v e p o t e nt i a l s f o r r e d u c t i o n o f tetrakis(N,N'-di-p-tolylformamidato)dirhodium(lI) t o t h e Gutmann d o n o r number o f s o l v e n t ( r e f . 2 8 ) . C o n t i n u o u s h e a t i n g o f a s o l ut i o n up t o t h e r o o m t e m p e r a t u r e a l l o w e d t h e o b s e r v a t i o n o f t h e p a r a m a g n e t i c compounds w i t h g = 2 . 0 0 . We b e l i e v e t h a t i t i s a c o m p l e x w i t h t h e u n p a i r e d e l e c t r o n l o c a t e d i n t h e o r b i t a l o f 2 , 2 ' -b i p y r i d i n e I i g a n d . The c o n f i r m a t i o n o f such s u p p o s i t i o n i s t h e f o r m a t i o n o f t h e a n a l o g o u s compound u n d e r e l e c t r ol y t i c r e d u c t i o n o f 1 i n DMF as a s o l v e n t . These r e s u l t s w e r e n e x t s u p p o r t e d gaCo x -r a y s a t 77 K i s e q u a l t o 2 . 2 4 1 . The-b y c a l c u l a t i o n s o f e l e c t r o n i c s t r u c t u r e o f r e v e a l e d t h a t t h e LUMO o r b i t a l was t h e n * ( H N = C & -$ H = N H ) g r b i t a l . IRH X (OOCH) (HN=CH-CH=NH)21, w h i c h
VIBRATIONAL SPECTRA
R h o d i u m ( l 1 ) c o m p l e x e s I R h ( 0 0 C R ) 4 L 2 1 a n d R h 2 X 2 ( 0 0 C R ) 2 ( N -N ) a r e t y p i c a l examp l e s o f a s t r o n g m e t a l -m e ? a l i n d i c at o r s o f b o n d s t r e n g t h i s t h e s t r e t c h i n g f r e q u e n c y a n d d e r i v e d f o r c e c o n s t a n t o f t h e M-M b o n d . R h o d i u m ( l 1 ) c o m p l e x e s w i t h t w o c a r b o x y l a t e b r i d g e s a r e a t t r a c t i v e o b j e c t s f o r i n v e s t i g a t i o n s , b e c a u s e t h e Rh-Rh d i s t a n c e
A r e v e r s e s i t u a t i o n i s q o u n d f o r a n d 
c h , whose c o n t r i b u t i o n o f t h e a n d a n d a n d f r e q u e n c i e s i s d i f f e r e n t i n d e p e n d e n c e on t h e Rh-Rh d i st a n c e , n a t u r e o f a x i a l I i g a n d s , a n d , t o some e x t e n d , o f e q u a t o r i a l I i g a n d s .
A l l t h e s e f a c t o r s d e t e r m i n e t h e ( R h -R h ) e n e r g y . The
( R h -R h ) f r e q u e n c y i n t h e c a s e o f sf,rong Rh-Rh b o n d s s h o u l d b e a s s i g n e d t o t h e b a n d i n t h e r a n g e 2 6 0 -300 cm , -y h i l e i n t h e c a s e o f weak Rh-Rh b o n d s t o t h e b a n d i n t h e r eg i o n 1 1 0 -1 7 0 cm ( T a b l e 3 ) . 
[Rh2H(OOCMe)31 + o l e f i n
cRh2(00CMe)41 + p a r a f f i n H+ + MeCOO-
l?
CRh2 ( a I k y I ) ( OOCMe ) 31
The c o m p l e x 2 a i s a l e s s power i n e t h a n o l s l o w so c a t a l y z e d t h e o l e f i n h y d r o g e n a t i o n ( r e f . o n s ( i n m e t h a n o l , e t h a n o l a n d i s o p r o p a n o l ) i n t h e p r e s e n c e o f 2 , 2 ' -b i p y r i d i n e a n d 1 , l O -p h e n a n t h r o l i n e a n d i t s d e r i v a t ives as I i g a n d s . The c a t a l y s t f o r m a t i o n r a t e depends u p o n t h e c o m p l e x and I i g a n d c o n c e n t r a t i o n a n d upon t h e n a t u r e o f t h e l a t t e r . F o r p y r i d y l p h o s p h i n e s P P h 3 -x ( 2 -C 5 -H 4 N ) x ( x = 1 -3 ) t h e r e d u c t i o n p r o c e e d s w i t h o u t i n d u c t i o n . The r e d u c t i o n r a t e o f o l ef i n s and k e t o n e s depends on t h e n a t u r e o f I i g a n d a n d t h e I i g a n d : Rh r a t i o . The a p p e a r a n c e o f bands i n t h e r a n g e 10000 -20000 cm-' was we1 I d o c u m e n t e d ( r e f . 1 3 ) h a v e a l s o assumed t h a t t h e p o l y n u c l e a r d i p y r i d y l a n d p h e n a n t h r o l i n e c o m p l e x e s a c t e d as c a t a l y s t s i n c o n t r a r y t o t h e i r id i u m c a t a l y s t s , w h i c h a r e mononucl e a r I l r X ( C H ) ( N -N ) I ( r e f . 3 7 ) . The complexgs18h2(OOCR)4 a n d R h 2 -C 1 2 ( 0 0 C R ) 2 ( b p y ) 2 i n t h e p r e s e n c e o f b p y c a t a l y z e t h e t r a n s f e r h y d r o g en a t i o n o f k e t o n e s u s i n g i s o p r o p a n o l i n b a s i c medium as d o n o r . The r e a ct i o n i s r a t h e r f a s t ; a f t e r 9 h r s m o r e t h a n 9 0 % a c e t o p h e n o n e was r ed u c e d . None o f t h e I -p h e n y l e t h a n o l e n a n t i o m e r s was i n e x c e s s f o r R = ( S ) -C H ( 0 H ) P h a l t h o u g h t h e c a t a l y s t a c t i v i t y depends o n t h e n a t u r e o f t h e c a r b o x y l a t o I i g a n d . i n 70% EtOH ( e x t e r n a l r e f e r z n $ e : 3 P P h 3 i n ( C D 3 ) 2 C O ) .
) , a l t h o u g h i t u I c a t a l y s t as compared w i t h r h o d i u m ( l 1 ) a c e t a t e . Rh (OOCMe Y c a t a l v z e s t h e a l k e n e h v d r o q e n a t i o n . M o r e a c t i v e c a q a l v s t s
i n t h e r e a c t i o n R h 2 ( 0 A c ) 4 + xes w i t h r h o d i u m : p h o s p h i n e r a t i o e q u a l t o 1 : l a n d 1 : 2 . P h o s p h i n e i s c o o r d i n a t e d w i t h r h o d i u m as a m o n o d e n t a t e I i g a n d v i a p h o s p h o r u s a t o m a n d as a c h e l a t e I i g a n d v i a P and N a t o m s . The f o l l o w i n g r e a c t i o n m e c h a n i s m was p o s t u l a t e d :
The
o recomnended i n t e r n a t i o n a l p r o t o c o l f o r s c r e e n i n g o f c h e m i c a l a g e n t s a g a i n s t t i s s u e c u l t u r e The c o m p l e x e s TRh (OOCCH(0H)Ph) ( p h e n ) ( H 0 ) 2 1 ( 0 0 C C H ( O H ) P h ) ,1Rh (OOCCH(0H)-
